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(571 . ABSTRACT

A tethered wind-driven floating power plant which
includes a support body carrying at least one rotor
assembly, a current generator coupled to the rotor and
alignment assembly for aligning the rotor to face into-
the wind, a ground anchor and at least one captivating
stay connecting the floating power plant to the anchor.
The support body 1s hollow and gas-filled to carry its
own weight as well as the weight of the rotor assembly,
current generator and alignment assembly. The support
body 1s connected to the captivating stay through a
joint connection having three degrees of freedom. The
rotors are gimbal-mounted, at a variable relative posi-

tion with respect to the support body but in fixed posi-
tions relative to one another.

11 Claims, 18 Drawing Figures
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1
WIND DRIVEN POWER PLANT

This invention relates to a wind-driven power plant
“of the type having a rotor assembly cOmprising at least
one rotor coupled to a current. generator, a support
means supporting said rotor assembly and current gen-
erator, and a means for aligning said rotor assembly in
the wind direction. | |

- Hitherto known wind-driven power plants of the
above-captioned type comprise support means designed
as a framework structure for supporting the rotor or
rotors and the current generator coupled therewith
above the ground. Such framework structures are sta-
tionary and otherwise of limited height, since on ex-
ceeding a relatively small height the construction costs
will be prohibitively high. Thus in these known wind-
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pated in the atmosphere at safe altitudes. The aerostati-
cally suspended wind-driven power plants according to
the invention offer the further advantage that they do
not require expensive transport systems, such as rail or
road transport, for transporting them to the site of erec-
tion, and do not either require to be erected at such site,
but that they may be completely assembled at the fac- -
tory, from where they may be floated to the site of
installation while carrying their own weight. Therefore
the wind-driven power plants according to the inven-
tion are particularly suited for being employed in unde-
veloped areas such as in desert areas and large forest
areas having no transport lines. They may for instance
also be employed by supplying power to floating or
ground-supported drilling rigs at sea. Advantageously

- the wind-driven power plant according to the invention

driven power plants the rotors are supported at a rela-

tively small height above the ground surface, so that

they are impinged on by very low-altitude winds only.

The force, direction, and incidence of low-altitude

winds, however, is to a large degree dependent on geo-
graphic environment factors and furthermore subject to
considerable variations. The known wind-driven power
plants are thus unable to utilize the high-altitude-winds
prevailing at greater distances above ground and being
significantly more steady as regards their intensity and
direction than low-altitude winds. It is thus an object of
the invention to provide a wind-driven power plant of
the above-captioned type having a simple construction
and enabling the wind energy of high-altitude winds at
great distances above ground to be utilized and con-
verted in an economical manner.

According to the invention this object is attained by
said support means comprising at least one aerostatic
su3pensibn body, such as a gas-filled hollow body, car-
rymg its own weight as well as the weight of the re-
maining assemblies connected thereto, such as the rotor
assembly, current generator, and alignment means, said
- suspension body being connected through at least one
captivating stay to an anchorage means on the ground
or to a floating body at sea.

- Thus in the wind-driven power plant accordlng to the
“invention the support means is no longer constructed as
- a framework rigidly connected to the ground surface,
but rather as an aerostatically suspended device adapted
to be brought to a desired height above ground and to
be maintained at such height by means of at least one

captivating stay through which it is connected to an

anchorage means on the ground or to a floating body,
such as a floating body. The aerostatically suspended
support device elevates the rotor, or rotors, to altitudes
whereat the prevailing high-altitude winds are subject
to relatively small variations as regards their intensity
and direction. The energy generated at such height may
- for instance be transported to ground through a current
conductor. In this case it.is possible to employ one
captivating stay simultaneously as a power cable. It is
also possible, for instance, to consume the energy gener-
ated at high altitudes immediately at such altitudes, e.g.
for energizing a transmitter also carried by said suspen-
sion body, or for energizing optical display devices,
such as luminous letters carried by the suspension body.
It may for instance also be possible to employ the en-

~ergy generated at high altitudes immediately for per-

forming environment-threatening processes in devices
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is designed such that the rotor assembly consists of at

least one pair of coaxially supported, counterrotating

rotors with moment of momentum compensation. In
such an embodiment there occur no precession effects
on a change of attitude of the rotating rotors, since the
precession effects of the counterrotating rotors are mu-
tually compensating. This enables alignment of the ro-
tors in the prevailing wind direction to be effected rap-
idly and in a simple manner by suitably controlling the
attitude of the suspension body or by means of adjust-
ment devices acting on the rotors, such as control flaps
attached to a structure carried by the suspens:on body
and supporting the rotors.

The wind-driven power plant accordmg to the inven-
tion may employ rotors of widely varying design and
operation, for instance axial-flow propellers, tangential--
flow vane-type impellers or Flettner-rotors in the form
of rotating cylinders operating on the Magnus principle.

A particularly advantageous combination of rotors
and current generators is achieved by employing pairs
of koaxial and coplanar, counterrotating rotors, each of
which carries along its periphery a plurality of poles
cooperating with opposite poles provided at a periph-
ery of the respective other rotor. In this manner the
counterrotating rotors form the relatively rotatable
parts of a current generator. This construction permits a
high current energy generation to be achieved at low
weight in the aerodynamically optimal manner.

A favourable embodiment of the wind-driven power

- plant according to the invention is also achieved by the |

30

33

635

also carried by the suspension body. The waste materi- -

als accrueing from such processes may possibly be dissi-

suspension body being coupled to the captivating stay
through a connecting joint having three degrees of
freedom, e.g. a gimbal joint connection. A connection

of this type permits the suspension body to be readily
adjusted to any desired attitude without the counterac-
“tion of outer forces. In designing the joint connection

between the suspension body and the captivating stay,
or stays, the position of the centér: of gravity will of
course have to be taken into aceount. With an elongated
suspension body, for instance, a connection forward of
the center of gravity may be prefereable, or likewise, a
connection at the center of gravity. If the captivating
stay itself has only little torsional rigidity, so that it
ensures rotatability about its own axis, it may be possi-
ble to dispense with a specially designed joint having
three degrees of freedom and to achieve the same effect
by connecting the suspension body to the captivating
stay through a tilting joint extending transversely of the
axis of the captivating stay. .

A further embodiment of the wind-driven power
plant according to the invention may be achieved by
maintaining the suspension body at its position by means
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of several captivating stays. In this manner it is p0551ble
to maintain the suspension body. substantlally statlonary
above a certain position on the ground. It is also pOssi-
ble to captivate a suspension body by means of several
captivating stays in such a manner that it is always kept

horizontal in a parallel guiding system and may be

moved to varying altitudes. .-
A favourable embodiment of the wmd drwen power
plant according to the invention is also achieved by
providing the susPension body with at least one device
for alignment in and maintaining a determined attitude,
for instance an elevator, a rudder, or control flaps, Such
‘alignment devices enable the suspension body to be

maintained at a determined attitude. This. may be
| brought about for instance by means of control surfaces

urging the suspension body towards the desired attitude

employing the effect of the wind flowing therealong.

Such control surfaces may be coupled to control de-
vices s0 as to be continuously adjustable. It is also p0551-.

ble, however, to adjust control surfaces to fixed posi-

tions and to thereby exert forces on the suspension body
for adjusting the attitude thereof. The rudders or con-
trol flaps may be attached to the suspension body itself
or may be affixed to an extension structure fastened to
- the suspen51011 body, so as to obtain a greater lever
effect in this manner. - |

An advantageous embodlment of a wmd driven
power plant according to the invention may also be
‘achieved by the rotor, or rotors, being disposed at a
fixed position relative to the suspension body or bodies.
In this embodiment a change of attitude of the suspen-
sion body results also in a change of attitude of the rotor
assembly relative to the wind direction. With this em-
bodiment it is thus possible to control the attitude of the

rotor assembly relative to the wind direction by con-
trolling the attitude of the suspension body. Further-

more this construction results in a compact structure..

A further advantageous embodiment of the wind-
driven power plant according to the invention 1s
achieved by the rotors being disposed in fixed positions
relative to each other, and being connected to the sus-
pension body, or bodies, for instance through a gimbal
joint, so as to permit their position relative thereto to be
varied. In this embodiment the aititude of the rotor
assembly may be controlled independently of that of the
suspension body. In this case it may be possible to dis-
pense with any position or attitude control of the sus-
pension body, which may be designed in this case as a
simple balloon. In such an embodiment the attitude
control for the rotor assembly is to be effected by means
of a control device acting directly on the rotor assem-
bly. . |
An advantageous develvapment of the above de-
scribed embodiment of the wind-driven power plant
according to the invention is achieved by the rotor, or
rotors, being coupled to a device for aligning it, or
them, respectively, in the wind direction and for main-
taining a desired attitude, such device comprising, for
instance, elevators, rudders, control flaps, vanes or the
like. Such control devices may be affixed for instance to
carrier structures supporting the rotor assembly and
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themselves connected to the suspension body or bodies.
The control devices, such as rudders and/or elevators

may be designed as pivotable flaps for aligning the rotor
assembly in the wind direction by the employ of wind
forces in response to a control means.

In the wind-driven power plant according to the

invention the design of the suspension body, or bodies,

65
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may take a large variety of forms. As already noted, the
suspension body may in some cases. be designed as a
simple balloon having no rigid envelope but retaining its
shape only under the influence of the interior pressure
of the gas filling and the pressure of the surrounding
atmosphere. The connection of a rotor assembly to a
balloon of this type may for instance be accomplished
by means of a net-like wrapping applied over the bal-
loon and carrying at its lower edge a connecting joint to
which the rotor assembly is attached. The connecting
joint may be fastened to the balloon in the same manner
as the passenger basket to a conventional gas balloon. It
is ‘also possible, however, to provide the suspension
body with a rigid shape, for instance by means of a rigid
envelope, and to design such shape in accordance with
acrodynamic requirements. Thus the suspension body
may have an elongate drop shape similar to that of
conventional airships. It may also be advantageous,
however, to design the suspension body in the shape of
a disc or mushroom head. The suspension body may be
comprised of a plurality of hollow chambers. It may
also be designed as a skeleton structure with a number
of hollow chambers disposed separately in such skele-
ton structure. It 1s of course also possible to couple
several suspension bodies to each other, for instance by
means of connection struts or a connection structure.

" A favourable embodiment of a suspension body of a
wind-driven power plant according to the invention
may be achieved by designing a suspension body as a
hub body disposed coaxially with the rotor or rotors. In
such an embodiment the suspension body may be dis-
posed at an aerodynamically particularly favourable

position at the axial center of a rotor, or of two coplanar

and coaxial rotors, with the rotational support, i.e. the
bearings of the rotor, or rotors, respectively, and possi-

bly also the current generator and control means being
disposed within the suspension body.

-~ A further advantageous embodiment may be
achieved by designing a suspension body as an annular
jacket concentrically surrounding the rotor or rotors.
Such an embodiment may result in a considerable im-
provement of the efficiency of the rotors by corre-
spondingly guiding the air flow. Such an annular jacket
suspension body may of course be employed in combi-
nation with a centrally disposed hub-shaped suspension
body.

A further advantageous embodiment of the wind-
driven power plant according to the invention may be
achieved by designing a suspension body as an aerody-
namic lift surface or wing. In this embodiment it is
possible with the captive suspension body to utilize an
additional aerodynamic lift generated by the wind flow
therealong and to supplement the aerostatic lift forces in
this manner. Such a wing-shaped suspension body by
being captive acts similar to a kite attached to a capti-
vating line. By suitably forming the wing-shaped sus-
pension body and possibly by providing it with control
flaps it is also possible to achieve a highly accurate
attitude control of the suspension body.

'With reference to the drawings, embodiments of the
invention will be described hereinafter. In the drawings:

FIG. 1 shows a longitudinal section of a first embodi.
ment of a wind-driven power plant according to the
mventlon, |

FIG. 2 shows an overall elevational view of the em.
bodiment of FIG. 1 at a further diminished scale,



S

FIG. 3 shows a partially schematic perspective view
of a wind-driven power plant acoordmg to a second
embodiment, ' o

FIG. 4 shows a partially schematic pe‘rs'pectwe view
of a wind- drwen power plant accordmg to a thn*d em-
bodiment,

FIG. 5 shows a v1ew of the embodlment of ‘FIG 4
from below,

FIG. 6 shows a frontal wew of the embodrment of

FIG 7 shows a partially schematic longltudlnal sec-
tion of a wind-driven power plant accordmg to a fourth
embodiment of the invention,” *

FIG. 8 shows a partially sectioned frontal view of a
wind-driven power plant’ acoordmg to a ﬁfth embodl-
ment of the invention 3

FIG. 9 shows a plan view, partially" in’ horrzontal
section, of the embodiment of FIG. 8, -

F1G. 10 shows a cross-seotlonal vrew of the embodr—
ment of FIG. 8, ¢ " Coe e

FIG. 11 shows an elevational s1de view of a wmd-
driven power plant accordmg to a snrth embodrment of

the invention,
FIG. 12 shows a partially seottoned frontal vrew of

the embodiment of FIG. 11,

'FIG. 13 shows a longitudinal sectional view of a
wind-driven power plant accordlng to a seventh em-
bodiment of the invention,

FIG. 14 shows a view of the embodlment of FIG 13
from below,

FIG. 15 shows a rear view of the embodrment of
FIG. 13, | | -

FIG. 16 shows a frontal vrew of the embodlment of
FIG. 13, ' |

FIG. 17 shows a schematic perspéective view of a
wind-driven power plant acoordlng to an elghth em-
bodiment of the invention, and S

FIG. 18 shows a schematic perspectivé view of a
wind-driven power plant accordrng to a mnth embodl-
ment of the invention.

FIGS. 1 and 2 of the drawings show a first embodl- * again at a smaller scale. As further shown in FIG. 2, the

ment of a wind-driven power plant. In this embodiment
two coaxial and coplanar rotors 1 and 2 are counterrota-
tably supported on a shaft. The shaft has an"enlarged
central portion designed as a hollow drum supportmg
along its periphery a plurality of poles 4 carrying elec-
tric conductor windings thereon. Each of said two ro-
tors 1-and 2 consists of an annular rotor blade assembly
connected to struts 6 and 7, respectively, said struts
extending inwardly of the reSpectlve rotor blade assem-
bly along both sides of the main rotor plané. The struts
6 of the outer rotor 1 straddle the inner rotor 2 and have
their inner ends drrectly affixed tothe shaft: The struts
7 of the innér rotor 2 have their ends’ connected to
beanng sleeves rotatably supported on’the shaft. ‘This
construction of the rotors results in & very: Jow welght
in combmatron with hlgh form “stability. At its 'inner
periphery the inner rotor 2 carries a plurality of perma-
nent magnet poles 5 cooperating’ with thé poles 4 of the
drum, themselves connected to the outer rotor’1 for
rotation therewith. By virtue of this arrangement the
two counterrotating rotors 1 and 2 form the* relatively
rotatably parts of a current generator'3. The mioments
of momentum of the counterrotatmg rotors T'and 2 are
compensated, i.e. 'the gyroscopic effects’ ‘thereof are
mutually compensating, so" that even on a’ Change of
attitude of the entire system, there will beno gyroscopic
moments aotlng on the end portrons *of the shaft The

4,073,516
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shaft commonly supporttng the rotors 1 and 2 has its
énds rotatably supported in a skeleton structure 8 of a
suspension body 9. This suspension body 9 has an aero-
dynamlcally faired elongate shape with circular cross
section and is designed such as to form a hub body at the
center of the rotors 1 and 2. In its interior the suspension
body 9 has a number of cavities filled with a lighter-
than-arr gas, e.g. helium. The outer periphery of the
outer rotor 1 is surrounded at a small radial distance by
an annular suspension body 10 formed as a gas-filled

| hollow body This annular suspension body 10 is rrgldly
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conmnected to the skeleton structure 8 of the suspensron
body 9 by means of struts 11 straddling the pair of ro-
tors 1, 2. The suspension bodies 9 and 10 together form
an aerostatic suspension system, the lift of which carries
the weight of the suspension bodies themselves as well
as that of the rotors, the current generator, and further
oomponents In addition, the suspension body 10 func-
tions as a flow guide for producing a “tunnel flow” of
the wind through the two rotors. In this manner the
efficiency of the two rotors is greatly improved. On the
other hand the rotors themselves are surrounded at

their inner and outer peripheries by closed hoops acting
to guide the air flow and thus to improve the efficiency
of the rotors. At the lower portion of the outer periph-

ery of the suspension body 10 there is attached a triaxial
universal joint 12 having affixed thereto a group of four
captlvatlng stays 13. The lower ends of the captivating
stays are connected to a swivel joint 14 for rotation
about a third (upstanding) axis, said swivel joint being in
turn affixed to a heavy anchoring body 15. This anchor-
ing body 15, which in the shown embodiment is of
half-spherrcal shape, may be considered as a heavy
weight resting on a base plate and forming an anchorage
of the entire system to the ground, such anchorage
permitting movement in all directions. The weight of
the ‘body 15 is such that it may not be lifted off the |
ground by the suspension bodies 9 and 10. Because of
the large scale of FIG. 1, the captivating stays 13 are
shown interrupted. FIG. 2 shows the entire installation

hub-shaped central suspension body 9 may have control
surfaces 16, 17 attached to the rear end thereof to act as

rudders and elevators, respectively, or as stabilizers.

These control surfaces permit the suspension body sys-
tem 9, 10 and the rotors 1 and 2 connected thereto to be
maintained at an attitude corresponding to the prevail-
ing wind direction, with the wind itself being utilized
for aligning the rotors in the wind direction. The joints
12 and ‘14 in turn permit the attitude control of the
suspension bodies and the rotors to be accomplished
irrespective of the direction of the pull exerted by the
captivating stays 13.

The current generated in the current generator 3 may
be conducted to the ground surface possibly via slip
ring contacts by means of a conductor 18, only the first
portion of which is shown in FIG. 1. The current con-
ductor may for instance be guided along one of the
struts 11 and further along one of the captivating stays
13. It may also be possible to design one of the struts 11
and one of the captivating stays 13 to act as a current
conductor. At ground level the current may be supplied
to a consumer station. FIG. 3 shows a second embodi-
ment of a wind-driven power plant acoordmg to the
invention. In this embodiment the suspension body has
an elongate drop-shaped conﬁguratlon similar to that of
an airship. The suspension body may be constructed
from a rrgld skeleton structure enclosmg a number of
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gas-filled chambers. The suspension body has circular
cross-sectional shape. At each of the front and rear
portions of the suspension body there is provided a
coaxial rotor pair having each two coaxial and copla-
nar, counterrotating rotors. In each of these rotor pairs
the gyroscopic effect is compensated. Both rotor pairs
are supported by the suspension body in such a manner
that their positions rel-ative thereto are non-variable.
The rotor pairs drive a current generator, which has
not, however, been shown for the sake of clarity. The
details of construction may be substantially similar to
those described with reference to FIG. 7.

In this embodiment the attitude control of the suspen-
sion body and thus the alignment of the rotors relative
to the wind direction is accomplished by means of ele-
vators and rudders disposed at the rear portion of the
suspension body, such elevators and rudders being
adapted to be pivotally adjusted by means of a contro!}
device disposed in the interior of the suspension body

10

15

and not shown for the sake of clarity. At its forward end 20

the suspension body is connected to a (likewise not
shown) captivating stay through a universal joint at the
upper end thereof. The lower end of the captivating
stay is affixed to an (also not shown) anchorage means
at ground level. The connection of the forward end of
~ the suspension body to the captivating stay results in
that the suspension body is automatically aligned by the
wind in the direction thereof. The captivating stay may
also be employed for towing the suspension body, and
thus the entire wind-driven power plant, from one place
to another. To this purpose the lower end of the capti-
vating line will have to be fastened to an appropriately
heavy surface vehicle. In this manner a simple and eco-
nomical transport of the entire wind-driven power plant
from one site to another is readyly accomplished. Also
in this wind-driven power plant, the generated current
may be transmitted to the ground by means of a (not
shown) conductor extending along the captivating stay.

FIGS. 4 to 6 show a further embodiment of the wind-
driven power plant. This embodiment comprises three
suspension bodies 19, 20, and 21, extending parallel to
one another and interconnected by means of a skeleton
structure 22. Coaxially with each of the suspension
bodies 20 and 21, each of said bodies supports a pair of

25

30

35

coplanar counterrotating rotors 23, 24, or 23, 24/, re- 45

spectively. The bearing arrangement and construction
of the rotor assembly may again be substantially analo-
gous to the details thereof discussed with reference to
FIG. 1. In the present embodiment, each of the rotor
pairs 23, 24 and 23’, 24’ drives a separate current genera-
tor. The current generated by these generators is con-
ducted to the ground by means of conductors extending
along the captivating stay by which the entire wind-
driven power plant is anchored at ground level. The
captivating stay has it upper end connected to the un-
derside of the wind-driven power plant in proximity to
the center of gravity thereof, as indicated at 25 in FIGS.
§ and 6. This connection is accomplished through a
universal joint permitting the wind-driven power plant
to move in any direction relative to the ground. The
attitude control of the wind-driven power plant relative
to the wind direction is accomplished by means of ele-
vators 26 and rudders 27 disposed adjacent the rear ends
of the suspension bodies 20 and 21 and adapted to be
adjusted by means of (not shown) control devices dis-
posed in the interior of said suspension bodies.
FIG. 7 shows a longitudinal sectional view of a fur-
ther embodiment of a wind-driven power plant. This

50
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power plant also comprises two coaxial and coplanar
counterrotating rotors 28, 29 supported by a common
shaft 30. The shaft 30 has its ends affixed to a skeleton
structure 31 of an elongate suspension body 32 having
circular cross-sectional shape. In this embodiment the
annular blade assemblies of the rotors 28 and 29 are
connected to bearings surrounding the shaft 30 by
means of struts 33 and 34, respectively, extending at
both sides of the main rotor plane. The bearing sleeves
of the outer rotor 28 are interconnected to form a rotary
body carrying along its outer periphery a plurality of
poles provided with electric conductor windings
thereon. Opposite these poles the inner rotor 29 has a
plurality of permanent magnet poles disposed along its
inner periphery. On rotation of the rotors 28 and 29 the
poles connected to the respective rotors move along
circular paths in opposite directions, so that the rotors
28 and 29 constitute the relatively rotatable parts of a
current generator. The current generated in this manner
may be fed to a consumer system at ground level
through schematically shown conductors 35, slip
contacts 36 and (not shown) conductors extending
along a captivating stay of the apparatus to the ground.

As shown in FIG. 7, the suspension body 32 of this
embodiment of the wind-driven power plant has a capti-
vating stay 37, 38 attached to each of its forward and
rear ends, respectively. These captivating stays serve to
maintain the suspension body 32, which contains a plu-
rality of gas-filled cavities, at a determined position
above the ground. An alignment relative to the prevail-
ing wind direction is possible only within rather narrow
limits or by readjusting the anchorage means at ground
level. On the other hand, this embodiment of the wind-
driven power plant has an extremely simple construc-
tion and is particularly suited for employ in an area with
substantially constant wind direction.

A further embodiment of the wind-driven power
plant is shown in FIGS. 8 to 10. As particularly shown
in the sectional view of FIG. 9, a pair of coaxial and
coplanar counterrotating rotors 39 and 40 is rotatably
supported about a common shaft 41. The rotors carry
magnet poles and form the counterrotating parts of a
current generator 42. Otherwise the structural details of
the rotor assembly and the current generator are analo-
gous to those described with reference to FIG. 7, so
that this description may be related to. As evident from
FIGS. 9 and 10, the shaft 41 has its forward and rear
ends supported in a ring 43, this ring in turn being sup-
ported for rotation about an axis extending vertically to
shaft 41 in a ring 44 by means of axle studs projecting
therefrom at diametrally opposite points. The ring 44 in
turn is supported at diametrailly opposite points by
means of axle studs engaging two suspension bodies 45
and 46 for rotation about an axis extending vertically to
shaft 41 and to the pivotal axis of the ring 43. The two
suspension bodies 45 and 46 are rigidly interconnected
by means of a skeleton structure 47. From the foregoing
it will be understood that in this embodiment the rotors
39 and 40 are gimbal-mounted to be pivotable about
three axes extending vertically to one another relative
to the suspension bodies 45 and 46.

In this embodiment the ring 44 may be designed as a
suspension body in addition to suspension bodies 45 and

- 46, such that it does not only contribute to air flow
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gutdance but also increases the aerostatic lift of the
wind-driven power plant.

As evident from FIG. 8, the suspension bodies 45 and
46 at their undersides are connected to first captivating
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stays 48 and 48’, the lower ends of Wthh are connected

to one another at a joint 49. The joint 49 in turn has

attached thereto the upper end of a second captivating
stay 50, the lower end of which is connected to an
anchorage means such as the anchorage weight shown
in FIG. 1. For compensating the weight of the captivat-
ing stay 50, the stay itself has attached thereto an addi-
tional suspension body 51. |

The rear end of the skeleton structure 47 carries con-
trol means comprising elevators 52 and rudders 53

d

10

.and 64 supportmg two rotor pairs with counterrotatin g

coplanar rotors through struts 65 and 66, respectwely
The construction and operation of the rotors may again
correspond to those of the embodiments shown in FIG.

‘1 or FIG. 7, so that the respectwe descriptions may be
referred to. Intermediate the carrier structures 63 and

64 the underside of the suspension body 62 has con-

10

adapted to be adjusted by a (not shown) control device
for aligning the suspension bodies in a determined atti-

tude relative to the wind. Because of the triaxial gimbal-
mountmg of the rotor pair 39, 40 to the suspension
bodies it is possible in this wind-driven power plant to
addltlonally adjust the rotor system independently of
the suspension bodies. This may be accomplished for
instance by electric adjusting motors acting on the vari-
ous axes of the rotor support so as to enable the rotors
‘to be finely adjusted to the wind direction.

15

20

In this embodiment also the generated current is

transmitted to ground level through branch conductors
and slip contacts, it being provided that the current
conductors again may extend along the captivating
stays. FFor the sake of clarity, the branch conductors, the
~slip. contacts and the adjusting motors as well as the

25

control devices disposed within the suspension bodies

are not shown in the drawing.
- FIGS. 11 and 12 show an elevational side view and a

~ frontal view, respectively, of an embodiment of the

30

wind-driven power plant, wherein a disc-shaped sus-

pension body 54 carries in a strut skeleton 55 affixed to
its underside two rotor pairs consisting each of two
counterrotating coplanar rotors 56, 57 and 56’, 57, re-
spectively. The rotor pairs may be constructed in accor-
- dance either with the structure shown in FIG. 1 or with
that shown in FIG. 7. |

The suspension body 54 may be constructed as a

35

skeleton structure including a plurality of gas-filled

chambers has its underside connected to a captivating
stay 58 through a connecting link 59 at a point below its
‘center of gravity. As viewed in the direction of air flow,
the rotor pairs are disposed forwardly of the connection

~ point. Again as viewed in the direction of flow, rudders -

60 and 61, respectively, are disposed rearwardly of the

-connection point. The rudders are designed as station-

-ary control surfaces impinged on by the wind to align
- the suspension body and thus the rotor pairs affixed
thereto in the wind direction. The disc-shaped configu-
- ration of the suspension body 54 results in an aerodye-
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nected thereto a pivotable connecting link 67 the lower
end of which is in turn pivotally connected to a (not
shown) captivating stay attached to an anchorage
means at ground level. Adjacent its rear edge the sus-

pension body 62 is provided with control flaps 68 and

69 at both sides of its longitudinal center, said control
flaps functioning to adjust the attitude of the suspension
body 62, and thus also of the rotor pairs, about its lateral
- and longltudmal axes. In this wind-driven power plant
the suspensmn body 62 acts not only as an aerostatic
suspenston body but also in the manner of a captive kite
employing the air flow to produce an aerodynamic lift.
The rotors may be aligned in the wind direction by
suitably controlling the control ﬂaps 68 and 69. The
current produced by the rotors is again conducted to
ground level by means of (not shown) current conduc-
tors.

FIG. 17 shows a schematic representation of an em-
bodiment of a wind-driven power plant, wherein the
suspens:on body is desxgned as a simple balloon support-
Ing a rotor assembly in a frame 70 mounted to the bal-
loon for pivotal movement about a horizontal lateral
axis 71. The rotor assembly consists of two coaxial
counterrotating rotors mounted on a carrier frame 72,
which is in turn mounted in the frame 70 for pivotal
movement about a horizontal axis. The carrier frame 72
is rearwardly extended, with its rear end carrying an
aerostatic suspension body 73 functioning to keep the
carrier frame 72, and thus the rotors, at a predetermined
attitude independent of the position of the frame 70. The
frame 70 has its lower end pivotally connected to a
captivating stay 74 which is in turn attached to an an-
chorage means at ground level. In this wind-driven
power plant the rotors may be constructed analogous to
those described with reference to the foregoing embodi-

ments, or they may be designed as tangential-flow vane-

type impellers or possibly also as Flettner rotors.
FIG. 18 schematically shows a further embodiment,

- wherein an elongate suspension body 75 is provided at

)0

namic lift caused by the air flow in addltlon to the aero-

- static lift.
- The current generated by the rotor pairs is conducted
to ground level in the previously discussed manner via
~ not shown conductor systems. It is for instance also
possible, however, to provide within the suspension
~ body 34 itself current-consuming apparatus, e.g. trans-
mitting apparatus consuming the current generated by
the rotors and the current generators associated there-
with.

FIGS. 13 to 16 show a wind-driven power plant
provided with a suspension body 62 designed as an

aerodynamic wing or airfoil. In longitudinal section this

suspension body 62 has an airfoil profile. As viewed
from above, the suspension body 62 has a symmetric
-~ configuration about its longitudinal axis. Adjacent the
longitudinal center of its underside, the suspension body
62 carries downwardly projecting carrier structures 63

39
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its rear end with horizontal and vertical control surfaces
76 and 77, respectively, by means of which it is aligned
in the wind direction. At its lower ‘portion the suspen-

sion body 75 carries a triaxial universal joint, to which

a carrier frame 78 is pivotally ¢oninected. This carrier
frame 78 supports another frame 79 for pivotal move-
ment about a horizontal axis 80. The frame 79 rotatably
mounts a rotor pair for pivotal movement about the
horizontal axis 80 together with frame 79. Affixed to the
rear end of the frame 79 is an aerostat body 81 for ensur-
ing a predetemnned attitude of the frame 79, and thus of
the rotor pair, independent of that of the carrier frame
78.

The rear end of frame 79 is addltlonally prowded
with horizontal and vertical control surfaces 82 and 83,

" respectively, for aligning the rotor pair in the wind
~direction mdependently of the attitude of the suspension
‘body 75. The carrier frame 78 has its lower end pivot-

ally connected to a captivating stay 84, and through this
stay to an anchorage means at ground level. In this
embodiment the adjustment of the rotors with respect
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to the wind direction is thus accomplished indepen-
dently of the attitude of the suspension body 75.

‘The invention is not limited to the embodiments de-
scribed above. It is for instance also possible to design
the suspension bodies inn the shape of mushroom-heads
or spheres. Instead of the rotor constructions shown in
detail 1t 1s also possible to employ tangential-flow vane-
type impellers or Flettner rotors operating on the Mag-
nus principle. o -

- What is claimed is:

1. A wind-driven power. plant comprising current
- generator, a rotor assembly comprising at least one pair
of coaxially and coplanarly mounted counter-rotating
rotors having their moments of momentum compen-
sated, at least one rotor being coupled to said current
generator, a support means supporting said rotor assem-
bly and current generator, means for aligning said rotor
assembly in the wind direction, at least one captivating
stay and an anchorage means, said support means com-
prising at least one aerostatic suspension body carrying
- its own weight as well as the weight of the rotor assem-
bly, current generator, and alignment means and said
suspension body being connected through said captivat-
- ing stay to said anchorage means.

2. The wind-driven power plant according to claim 1,
including a universal joint wherein said suspension
body is coupled to said captivating stay through said
joint.

4,073,516
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3. The wind-driven power plant according to claim 1,

‘wherein said suspension body is retained at its position

by a plurality of captivating stays.

4. The wind-driven power plant according to claim 1,
wherein said alignment means is associated with said
suspension body to align and retain it in a predeter-
mined attitude.

S. The wind-driven power plant according to claim 1,

- wherein said rotors are mounted at a fixed position
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relative to said suspension body.

6. The wind-driven power plant according to claim 1,
wherein said rotors are mounted in fixed positions rela-
tive to one another and gimbal-mounted, at a variable
position relative to said suspension body.

7. The wind-driven power plant according to claim 6,
wherein said rotors are coupled with said alignment
means for their alignment in the wind direction and for
retaining them at a desired attitude.

8. The wind-driven power plant according to claim 1,

wherein said suspension body is designed as a hub body

disposed coaxially with said rotors.
9. The wind-driven power plant according to claim 1,
wherein said suspension body is designed as an annular

jacket concentrically surrounding said rotors.

~10. The wind-driven power plant according to claim
1, wherein said suspension body is designed as an aero-
dynamic wing.,

11. The wind-driven power plant according to claim
1, wherein a plurality of suspension bodies are intercon-

nected to form, in combination, said support means.
L x x & &
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